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Germ-layer and lineage-restricted stem/progenttors regenerate the mouse diglt tip

Rinkevich Y, Lindau P, Ueno H, Longaker MT, Weisman IL. Nature 476: 409-414 (2011)

A wide range of tissue stem/progenitor cells contribute towards the restoration of
the mouse distal digit
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EFigDELE Liver Regeneration
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ZUFLERBRE  Conditionally renewal system

- FB4& Liver Regeneration

- Bl{§8% Healing of wound
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B4 LEE (Regeneration and Healing)

NORMAL HOMEOSTASIS
(balance of proliferation and apoptosis)

O INJURY
REGENERATION HEALING
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Chronic inflammation
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Renewing tissues Stable tissues
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Epidermis, GI
tract epithelium, Compensatory growth Wound healing, Fibrosis
hematopoietic system of liver and kidney scar formation
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BlEBE Healing of wound
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Pluripotent stem cells (BEFEZERTES)
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ERHHRE  (Stem Cells)
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Embryonic stem cells (ES cells)
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Stem cells
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Tissue-specific stem cells (Adult stem cells)
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EHAEE  (Stem Cells)

o DHEMERMARE  (Pluripotent [totipotent] stem cells)

ETOMBICHETRELHRE (BidzfKTE3)

o ESHABE Embryonic stem cells
o iPSH#IF@ Induced pluripotent stem cells

o ZHEMEERHABE (Multipotent stem cells)

=IREHOMHRRICSM LT 2EENZF DM
o EIMEBMRE Hematopoietic stem cells
o FEXREME (B8, BEES. B IN) Mesenchymal stem cells

Museffif@ (Multilineage-differentiating stress enduring cells)
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Allsopp R, et al. J Exp Med, 193:917 (2001)
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LHEMEEMAE  (Pluripotent stem cells)

ESifR
Embryonic stem cells
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Pluripotent stem cells
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FREERMIRE -  Pluripotent stem cells

SZHE00 (Zygotes)
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Embryonic tissues (pluripotent)
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SEEMEMEE  —  Pluripotent stem cells
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tissues (totipotent)

LTOMBEISSHELETT S

Embryonic tissues (pluripotent)

—> FREEFRN

TR26F11H19H AEE2

ESHBI RIS %

ZHSiFertilised egg 8-cell stage Cell adhesion

Ay

3 4
7N A%
gle) e & |
&R\
ziffka 4l sl

%D DX

(FRTHRERT)

wm | EETE |

| RAEAR | HFRA — GHAEHE

FR26F11A198 WEF2

RN 28 (Pluripotency) Z8DZLETRTICIZ? |

MRz pE8ERa (Blastocyst) ICAND EIEFEREL.
FASEYICIED

FR26F11A198 miEF2



ES#iE2 (Embryonic Stem Cells)
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SHEHHIR . (Pluripotent stem coll)
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Embryonic stem cells
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Pluripotent stem cells
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induced pluripotent stem cells
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Induced-Pluripotent Stem Cells — iPSHHid k ~iPS#HiE
20064E8H

:nduc:}lon of IEIueroter_\t Stednk gelltls D S et EED I EMNTET Human ES cells Human iPS cells
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C-Myc 20071 1H
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Wo selctad 21 ganss as cancidates for
induce pupotency in somatc cets, b

+ mantenance of ES cel ldetty fsee Tab

SUMMARY issues is to induce pluripotent status in somatic cells by
direct reprogramming (Yamanaka, 2007).

iing of di iated hu- We showed that induced pluripotent stem (PS) cells

man somatic cells into a pluripotent state would ~ can be generated from mouse fbroblasts
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Somatic cell nuclear transfer {&#IBE1%T84E (Cloning)
REZREVICEHEHROZZEBIET S LEEFIFNHEEND

The Nobel Prize in Physiology or Medicine 2012

was awarded jointly to Sir John B. Gurdon and Shinya Yamanaka

"for the discovery that mature cells can be reprogrammed to become pluripotent"

Differentiated cells retain the same genetic information as early embryonic cells

1975: cloned frogs
1996: cloned sheep “Dolly”

(2)  Pluripotent stem cell lines such as ES cells DFFRDEA TV

(3) b EEFIREZTNTW: t (
/)
0

MyoD (1987): formation of myofibers in fibroblasts = ' E
C/EBPa. (2004): B & T lymphocytes to macrophages 4 A f
MafA/Pdx1/Ngn3 (2008): the conversion of pancreatic acinar cells into $-cells 2

(4) HEREF (transcription factors) HHIBIDE&NRED "Master gene”

Ascll/brn2/Myt1 (2010): the conversion of fibroblasts into neuron L BiEIc L 3 BIEFlck>d
Gata4/Mef2c/Tbx5 (2010): the conversion of fibroblasts into cardiomyocytes 'reprirar?\_m‘i-ng reprograr:!ming
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Multiple steps

Transcription Factors t
iPS¥HAE - E S #Hka

H Differentiation into specific cells H

Multiple steps t

Cytokines/Growth factors, etc

LR
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SHEMEMAIE Pluripotent stem cells
- PHEMERD - 2TOHEBOMEEICHERTEE
- ESHlifd. iPSHliRah 3 S
BEERANOBANGHFIATVLS

- EERHEOFRBICIIRERINEMERDH S
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* KRR FERE
- BB (AR Bl
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E#HE

Direct Conversions — Transdifferentiation 4t ¥R{E
SR Ascld/Bm2/Mytdl | #E@BaNeurons |
Fibroblasts Vierbuchen T et al, Nature, 463, 1035-1041, 2010

Gata4/Mef2c/Thx5
,H IMEAHAE  Cardiomyocytes ”

leda M et al, Cell, 142, 375-386, 2010

Oct4 + bFGF/IGFII/FIt-3/SCF
H &M #BZHematopoietic progenitor cells H

Yamanaka factors
Oct3/4/Sox2/KIf4/cMyc

|

SCF/G-CSF/FLT3LG/IL-3/IL-6/BMP-4
| M3 Multiple blood cells |

Szabo E et al, Nature, 468, 521-526, 2010

HNF4o. + Faxal/2/3
Foxa3/Gata4/Hnflo

l FF#HBE  Hepatocytes H

Sekiya S & Suzuki A, Nature, 475, 390-393, 2011
Huang P et al, Nature, 475, 386-389, 2011

iPS cells
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AR (Stem Cells)

FRHAT

Stem cells
1 (FEfK) R

Tissue-specific stem cells (Adult stem cells)
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Stem cells
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‘ Differentiated cells: BZISAR. FZf& ‘

hair
— : — 1 ﬂ SBL. SOMACHET S
ﬂiﬁs 9 ' . A 0 : -: " < é Transit amplifying cells (TA cells; short-lived)
‘vHuman body Eae D O B Do B |- ﬂ SRU. TA cellsfitin
\." .f/. . ..\\. '.-/ . Lgre* Intermediate stem cell population
sebaceous ; 'I 'I' = Lo RO ad ‘ ﬂ
erminal Y m
gland ferentiation
stemcallsin - o .. . =~ | Bulge ‘l H Stem cells (Label-retaining cells; long-lived) H
the bulge 2§ Jexe E B 6pay Postinducton = ':;:.v P""""""“"‘l{‘,,\ ﬂ )i iy A A
a g\ s Ny
i 2 *a = =
<or::ect|ve g / J/ ;;’,’ - e Lgr5* Intermediate stem cell population
issue £l 7/
differentiating cell %{‘){’ @:ﬁ ! ﬁ,‘/w\ u SHU. TA cellsfitfa
2 » Transit amplifying cells (TA cells; short-lived)

connective tissue of dermis

ol

4 Day Post-nduction

L fﬂ:k ;‘:‘4 1

ﬂ, [EL. TOMBMICHMET S

dermal papilla
(connective tissue)

Differentiated cells : &

Lgr6 Tracing
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Barker N & Clevers H, Gastroenterology 138:1681-1696 (2010)
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Transit-amplifying (TA) cellsD$§#4

Location of putative intestinal stem/progenitor cells R E—— e RN 7R b

-v2

’?snmma (Niche cells)

Progenitor cell, active
(CK19)

Myofibroblast
(aSMA)

Progenitor cell, active
(Villin, MSI1)

LRC+4 cell, quiescent

+4 (BMI1, DCLK1, MSI1)

1 division/day
CBC, active
(LGRS, OLFM4, MSI1)

Crypt base columnar cells] O
@ U

" Paneth cel TRUN b R s 2~4H
#(Goblet)#fifa : 3~5H
Paneth cells : #30H

+3

+2

+1

INBcryptic & 17 2 B MR D FTESRAL

Paneth cellsid. niche& LTEWTWS

Quante M & Wang TC, Nat Rev Gastroenterol Hepatol, 6, 724 (2009) ERM26E115198 mE¥2

‘ gt?e"dding

Differentiated cells

Goblet Entero-  Absorptive
cells endocrine epithelial cells

Crypt-villus cells
junction 15 TAs x 16~32 = 240~480 cells/day
J1 oJ .
o TA cells
7 Generate 16~32 cells/TA cell/day
;’3 -
Proliferative

2 ﬂ progenitors
C ) - -

&\f

Lgr5*-CBC cells
~15 cells at a crypt bottom

Mitotic @® stemcell @
renewal
24-86 hr % Paneth cell Lgr5" cells
» ¥ Multipotent stem cells at crypt bottom
Lamina propria

b Lgr5 stem cell ‘

Lgr5* cells

Quiescent, rarely dividing

Il Marked Lgr5* cells persist for the lifetime of a mouse ]I

de Lau W et al. Genes Dev. 2014;28:305-316 TH26E11R19H mEE2

HLERIC & 1T 2 Bl DTERE & FEEMI

o QRS A olalola) castrc pit Esophagus

> Pitcells

Keratinocytes

Parietal cell
Basement membrane

Isthmus
== Stroma/submucosa

T Neck cells
o © Differentiated
> Zymogenic — tissue cells
cells
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Most hematopoietic stem cells may have died from 'stem cell exhaustion,'
reaching the upper limit of stem cell divisions."
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Stem cell exhaustion is a likely cause of death at very old ages?
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